Smell identification deficits have been found to coincide with diagnoses of schizophrenia and anxiety disorders. This study aimed to determine if olfactory functioning (in terms of smell identification and subjective experiences) differed depending on selfreported atypical behaviors in a subclinical sample. In Part 1, participants (N = 183) completed selfreport questionnaires pertaining to atypical behavior and social interaction. Participants who were recruited for Part 2 (N = 59) completed additional measures of smell identification, odor hedonics, and an emotion recognition task. A oneway Analysis of Variance showed no significant difference in smell accuracy, pleasantness, or intensity ratings of odorants across groups. However, subjective ratings of irritation for the negative odorant significantly differed across groups (F = 3.05, p = .04, d = .13). These findings suggest that subjective perceptual experiences may be more informative than identification accuracy, especially if olfactory measures could be used as a sensory marker of early signs of clinical symptoms or to provide insight into possible underlying neurological and sensory deficits.
S ensory function can be a useful tool for understanding individual differences in behavior and brain functioning. In addition, olfactory processing may provide information about the functions of neural structures that are in part responsible for atypical behaviors. Previous studies have reported that smell identification deficits are common among individuals diagnosed with schizophrenia, anxiety, and neurodegenerative disorders (Clepce, Reich, Gossler, Kornhuber, & Thueraif, 2012; Havlíček et al., 2012) . Typically, these deficits often coincide with negative symptoms (e.g., blunted affect, anhedonia and social withdrawal; Havlíček et al., 2012) . The purpose of the current project was to determine if individual differences in olfactory ability differed depending on selfreported atypical behaviors in a subclinical population. Information from this study could be used to develop a behavioral assessment battery to characterize individuals at risk for the development of schizophrenia, anxiety or neurodegenerative disorders and monitor preventative measures or treatment approaches. Participant groups were entirely subclinical as studying a subclinical population may identify risk factors for developing certain disorders and allow for a better understanding of the progression of the illness.
Most individuals in the general population have the ability to access normative olfactory func tions, unless there is a presence of an olfaction or gustation related deficit (Havlíček et al., 2012) . Sense of smell is arguably one of the most essen tial functions that humans experience. Humans use their sense of smell to detect threats in their environment, choose romantic partners, and in food assessment (Havlíček et al., 2012) . Olfactory functioning can be deconstructed into distinct Olfactory Identification, Odor Hedonics, and Atypical Behaviors concepts related to processing of odorants, perhaps the most rudimentary of these being olfactory detection. This is, as the name suggests, one's ability to simply detect the presence of an odorant in the environment. Another form of olfactory processing, olfactory discrimination, begins with the detection of an odorant and then incorporates higher level processing by encompassing one's ability to detect differences between two or more different odorants as well as distinguishing the varying concentrations of a single odorant. Further, olfactory identification is the ability to verbally label a stimulus, based on previous experience with the stimulus (Havlíček et al., 2012) . These objective measures of olfactory functioning can be paired with subjective responses to odorants (e.g., perceived intensity or pleasant ness). The subjective perception of an odorant is primarily intertwined with emotion (Krusemark, Novak, Gitelman, & Li, 2013) . For example, when individuals smell dirty laundry or garbage in their environment, the common emotional response would be to feel disgusted. Conversely, when indi viduals smell chocolate or cookies baking, they will likely react in a more pleasant way than they did to the smell of the garbage (Krusemark et al., 2013) . Factors such as preexisting knowledge, perceived risks, and psychosocial factors also effect the way individual perceive an odorant. For example, if individuals had a negative experience related to an odorant, they may interpret the odorant as negative itself (Smeets & Dalton, 2005) .
Clearly, the process of olfactory functioning is a highly sophisticated and essential process for human functioning. Thus, when deficits arise related to olfaction, the individual may experience negative effects (Doty, Shaman, & Dann, 1983) . Smell identification deficits are commonly tested through psychophysical assessments such as the University of Pennsylvania Smell Identification Test (UPSIT; Doty et al.,1983) or the "Sniffin' Sticks" test (Sniffin' Sticks; Hummel, Sekinger, Wolf, Pauli, & Kobal, 1997) . The UPSIT is a widely used "scratch and sniff test" that contains 40items presented as a fouralternative forcedchoice olfac tory identification test. Each odorant is contained in a microencapsulated pocket and is released by scratching the pocket with a pencil. Participants are typically scored based on their accuracy (Doty et al., 1983) . In addition, 'Sniffin' Sticks is a widely used clinical and research olfactory threshold test. This test uses penlike odor dispensing devices of various dilutions of 2phenylethanol administered in a threealternative forcedchoice staircase procedure.
The test continues until seven reversals, when the threshold is computed as the mean dilution steps of the last four reversals (Hummel et al., 1997) .
Objective and subjective components of olfac tory processing can occur as separate processes. For example, an individual may have the ability to detect and discriminate between odorants, but may have deficits in odorant identification. Similarly, two individuals who have the same objective ability to identify odorants, may have different ratings of sub jective pleasantness of the same odorants. Olfactory identification encompasses a variety of functions (i.e., the ability to not only detect a scent, but also to identify it and distinguish it from other scents, while incorporating odor memory). In addition, a large component of processing olfactory stimuli occurs at the neural level. Understanding the neurological basis of olfaction provides justification for why this particular sensory system may function differently in individuals with clinical symptoms.
Olfactory perception has been found to activate the regions of the brain responsible for emotional processing: the amygdala, hippocampus, and the orbitofrontal cortex (OFC). Findings by Schiffman (1974) suggest that olfactory perception directly activated amygdala neurons in some cases, and then activated the OFC. Qureshy et al. (2000) found through PET scans that the regions activated during olfactory identification are the right ante rior cingulate gyrus, left insula, OFC, and the left anterolateral cerebellum, whereas during olfactory discrimination the bilateral cerebellar regions were activated (Havlíček et al., 2012; Krusemark et al., 2013; Qureshy et al., 2000) . Thus, it is possible that there may be a relationship among olfactory deficits and atypical behavior because these regions are also affected by several psychiatric disorders (i.e., schizophrenia, anxiety disorders, neurodegenera tive disorders; Auster, Cohen, Callaway, & Brown, 2014; Doty et al.,1983; Havlíček et al., 2012) . In addition, Doty et al., (1983) emphasized the fact that olfactory deficits commonly occur as a result of accidents (i.e. mild traumatic brain injury) and aging. Due to the frequency of olfactory identifica tion deficits coinciding with diagnoses of mental illnesses, this occurrence is likely an indicator of underlying neurological dysfunction.
Previous literature has found anxiety to be significantly related to olfactory functioning (Clepce et al., 2012) . For example, past studies have established that increased anxiety reactions occur following the presentation of, what are deemed as, fearful odorants (Albrecht et al., 2010; Clepce et al., 2012) . Albrecht et al. (2010) presented women participants with sweat from a fearful man. Anxiety was measured using the StateTrait Anxiety Inventory X (Spielberger, Gorsuch, & Lushene, 1970) , a questionnaire containing items related to stress response, and through physiological recordings such as blood pressure and heart rate measurements. When compared to controls who were presented neutral sweat, the women who were presented the fearinduced sweat showed a heightened anxiety response (Albrecht et al., 2010) . Clepce et al. (2012) tested the theory that anxiety is correlated to deficits in olfactory identification through an extended version of the Sniffin' Sticks identification test. This study used participants with diagnosed cases of various types of anxiety disorders (generalized anxiety disorder, social phobia, panic disorder, agoraphobia) and healthy control partici pants. Researchers found that the anxiety group performed significantly worse on the discrimination task than the control group, although there were no group differences in identification and threshold (Clepce et al., 2012) .
Smell identification tests have also served as a vulnerability marker for schizophrenia spectrum disorders (Auster et al., 2014) . Specifically, studies using the UPSIT have found that up to 80% of patients with schizophrenia in their studies exhibit these deficits (Auster et al., 2014) . Contrasted with the rates of olfactory identification deficits reported among the general population, which is less than 15%, it is apparent that these deficits may be related to schizophrenia (Doty et al., 1984) . Due to the het erogeneous nature of schizophrenia, symptoms are typically categorized into symptom domains. The positive symptom domain includes hallucinations, delusions, and disorganized thoughts and speech while the negative symptom domain includes avolition and blunted affect (Ishizuka et al., 2010) .
It is a wellestablished finding that negative and disorganized symptoms are associated with reduced smell identification accuracy, lessened sensitivity, and lower ratings of subjective pleasantness experi ence when compared to positive symptom group performance and controls (Auster et al., 2014; Brewer et al., 2005; Ishizuka et al., 2010) . It has also been established that negative symptoms are specifi cally related to the first episode of psychosis (Auster et al., 2014) . Due to the relationship between nega tive symptoms and smell identification deficits, it is possible that smell identification deficits may be specifically related to an increased risk of psychosis. Negative symptoms including avolition, anhedonia, and blunted affect are also similar to symptoms of Asperger's syndrome and anxiety disorders, both of which also have been known coincide with olfactory identification deficits (Suzuki, Critchley, Rowe, Howlin, & Murphy, 2003) . Individuals with schizophrenia, Asperger's syndrome, and anxiety disorders have been known to present significantly lower scores on hedonic evaluations of odorants as well (Auster et al., 2014; Cieslak et al., 2015; Ishizuka et al., 2010; Krusemark et al., 2013; Suzuki et al., 2003) .
Previous literature has established that indi viduals with schizophrenia often have deficits in social cognition (Brown & Cohen, 2010; Cieslak et al., 2015; FonsecaPedrero, PaínoPiñeiro, LemosGiráldez, VillazónGarcía, & Muñiz, 2009; Gica, Poyraz, & Gulec, 2019) . Social cognition has been defined as the ability to make sense of other's behaviors and to understand other's beliefs and intentions (Gica et al., 2019) . Social cognition also encompasses social perception, interpreta tion, and processing (Brown & Cohen, 2010) . It is also a wellestablished finding that individuals with schizophrenia perform worse on emotion recognition tasks (ERTs). Gica et al. (2019) used the Cambridge Neuropsychological Test Automated Battery (CANTAB) ERT (Cambridge Cognition, 2019) to determine how successful patients with schizophrenia are on ERTs. This task requires the participant to identify feelings from presentations of facial expressions on a computer or electronic device. Six basic emotions (sadness, happiness, fear, anger, disgust, or surprise) are shown throughout the 180 trials. The authors found that, compared to healthy controls, patients with schizophrenia performed worse on the ERT. Specifically, patients had the most difficulty recognizing the negative emotions, such as fear and disgust (Gica et al., 2019) . Further, individuals with schizotypy have also performed worse on ERTs. Brown and Cohen (2010) used the Schizotypal Personality Ques tionnaire (SPQ; Raine, 1991) to determine the relationship between individuals with schizotypy and their performance on ERTs. The results show that individuals with schizotypy have impaired facial emotion recognition abilities. Because individuals with schizotypy are likely at an increased risk of developing schizophrenia, results from this study suggest that deficits in emotion recognition ability may serve as an indication of risk for development of a disorder such as schizophrenia (Brown & Cohen, 2010) .
The relationship between atypical behaviors and olfactory deficits may suggest that forms of olfactory functioning (i.e., olfactory identification, odor hedonics) can serve as markers for character izing individual differences in behavior. This project aimed to determine if objective and subjective measures of olfactory functioning differed across groups of participants with varying degrees of self reported atypical behavior. To achieve this aim, we conducted a twopart study: Part 1 was designed to test for correlations among selfreport assessments of atypical behavior and Part 2 was designed to test for group differences in olfactory functioning. Part 1 of our study consisted of selfreport questionnaires measuring behavioral inhibition/ activation (The Behavioral Inhibition/Behavioral Activation Scale, BIS/BAS; Carver & White, 1994) , social interaction anxiety (Social Interaction Anxiety Scale, SIAS; Mattick & Clarke, 1998) , and behaviors related to schizotypy (Schizotypal Person ality Questionnaire -Brief, SPQB; FonsecaPedrero et al., 2009). These measures were chosen based on their psychometric properties, relevance to our study, and availability at our institution. Specifi cally, the SIAS was chosen to measure participants' selfreported experiences of anxiety during social interaction because increased social anxiety com monly coincides with diagnoses of schizophrenia and schizotypy (Clepce et al., 2012; Havlíček et al., 2012) . Similarly, the BIS/BAS was chosen to mea sure selfreported instances of behavioral approach and avoidance in participants. The SPQB was cho sen as the measure of atypical behavior in this study due to its frequent use in current literature and its ability to measure atypical behaviors in subclinical populations. We hypothesized that scores on the SPQB would significantly correlate with scores on the BIS/BAS and SIAS.
Part 2 of our study recruited participants based on their total score on the SPQB to complete measures of olfactory functioning. The UPSIT was chosen as our measure of smell identification based on its validation in current literature and the ease of administration. Furthermore, the array of odor ants presented in the UPSIT enabled us to include an additional measure of subjective reactions to different types of odorants (compared to other olfactory assessments such as Sniffin' Sticks, which measure thresholds to one odorant). Another major benefit of the UPSIT is the ease of use, which allows for rapid and accurate assessment of olfactory functioning in clinics and laboratories. We chose to group participants by their total scores to create three groups: a lowscoring group, a highscoring group, and a group that scored in the middle range. The cutoff scores for the groups (detailed in the Method section) were chosen specifically to recruit participants in the extremes given that we had limited number of UPSITs.
Previous literature has established that per formance on subjective and objective olfactory measures may be related to differing levels of atypical behavior (Auster et al., 2014; Brewer et al., 2005; Clepce et al., 2012; Havlíček et al., 2012; Ishizuka et al., 2010) . Specifically, those who score low on the SPQB endorse a low amount or absence of atypical behaviors, while those who score high on the SPQB endorse a great amount of atypical behaviors. Both of these extremes have been found to coincide with deficits in olfactory functioning, especially when compared to those who score in the middle group, which is meant to represent an average performance (Clepce et al., 2012; Doty et al., 1984; Havlíček et al., 2012) .
Therefore, we hypothesized that participants who scored either very low or very high on the SPQB would have significantly different scores on olfactory functioning (subjective and objective measures) than those participants who scored in the middle range. Finally, as an exploratory com ponent of the study, we had participants complete a computerbased emotion recognition task (given the connections between olfactory and emotional processing; Krusemark et al., 2013) to determine if participants differed in emotion recognition accu racy based on their atypical behavior (SPQB) scores.
Method Participants
Participants were undergraduate students enrolled in psychology classes and were offered extra credit for participation. Part 1 of the study recruited participants to complete selfreport questionnaires related to behaviors. Participants were then asked to participate in the second part of the study based on their scores on the SPQB. Part 2 involved a smell identification test, odor hedonics, and an emotion task (detailed below). A total of 183 students participated in part one (147 women, 37 men; Mage = 20.42 years, SD = 2.65), and a total of 59 students were recruited for Part 2. Most of our participants identified as European American (n = 116), and the remaining participants identified as African American (n = 22), Latino/a (n = 22), Asian (n =16), other (n = 3), Native American (n = 2), Middle Eastern (n = 1), and Mixed (n = 1).
Participants were asked to report conditions related to gustation and olfactory function, seasonal allergies, mild traumatic brain injury, and cigarette smoking habits. Although no participants reported conditions related to gustation and olfactory func tion, our protocol would have excluded them from participation in Part 2 to avoid any confounding variables because individuals with deficits in gusta tion and olfaction would likely perform worse on the UPSIT (Doty et al., 1983) . In addition, 58 participants (32% of our sample) reported seasonal allergies, but were not excluded due to the large frequency of these symptoms in the sample. We also excluded one participant from Part 2 with a reported chronic history of cigarette use and one participant with a history of traumatic brain injury. Three of the 59 Part 2 participants did not complete the ERT due to scheduling issues and inconsisten cies within the testing parameters.
Materials
Social Interaction Anxiety Scale (SIAS). The SIAS (Mattick & Clarke, 1998 ) is a 20item, selfreport survey primarily utilized for measuring levels of distress when interacting with other individuals. Participants respond to statements utilizing a Likert type scale ranging from 0 (not at all characteristic of me) to 4 (extremely characteristic of me). Questions in the SIAS include "I have difficulty talking to other people" and "I feel I'll say something embarrassing when talking." Mattick and Clarke (1998) reported that the SIAS was found to possess high levels of internal consistency (.94) and testretest reliability at four weeks (.92). The authors also found that the measure was able to discriminate between social phobia, agoraphobia, and normal samples. Scores were also shown to correlate with wellestablished measures of social anxiety (Mattick & Clarke, 1998) . Behavioral Inhibition/Behavioral Activation Scale (BIS/BAS). The BIS/BAS (Carver & White, 1994) is 24item questionnaire used to assess indi vidual differences in the activation of the behavioral avoidance (or inhibition) systems and behavioral approach systems. The statements measure four dif ferent subscales: BAS Drive (4 out of 24 items; e.g., "I go out of my way to get things I want."), BAS Fun Seeking (4 out of 24 items; e.g., "I'm always willing to try something new if I think it will be fun."), BAS Reward Responsiveness (5 of 24 items; e.g., "When I'm doing well at something I love to keep at it."), and BIS (7 of 24 items; e.g., "Criticism or scolding hurts me quite a bit."). Four out of the 24 items are used as fillers. Participants rate each of the 24 statements on a Likerttype scale of 1 (very true for me), 2 (somewhat true for me), 3 (somewhat false for me), or 4 (very false for me). Carver and White (1994) found the BIS/BAS to have adequate psychometric properties including reasonable alpha reliabilities for the BIS Drive (.74), BAS Reward Responsiveness (.73), BAS Drive (.76) and BAS Fun Seeking (.66; Carver & White, 1994) .
Schizotypal Personality Questionnaire -Brief (SPQ-B) . The SPQB (FonsecaPedrero et al., 2009 ) is a 22item questionnaire that contains subscales related to positive (10 of 22 items; e.g., "Do you ever suddenly feel distracted by distant sounds that you are not normally aware of?"), negative (10 out of 22 items; e.g., "I feel very uncomfortable in social situations involving unfamiliar people"), and disorganized symptoms (6 out of 22 items; e.g., "I find it hard to communicate clearly what I want to say to people"). Participants respond "yes" or "no" to each of the items. FonsecaPedrero et al.
(2009) conducted a study to validate the psycho metric properties of the SPQB and found it to have adequate psychometric properties. Specifically, the internal consistency of the subscales and total score ranged from .61 to .81. The internal reliabilities for the total score ranged from .75 to .83 and .58 to .87 for the subscales. Testretest reliability ranged from .70 to .95. In addition, confirmatory factor analyses indicated that the threefactor model (positive, negative, and disorganized) and the fourfactor model (positive, paranoid, negative, and disorganized) fit well in comparison to the remaining models. These results also confirmed the multifactor structure of the schizoptyal personality in a subclinical population (FonsecaPedrero et al., 2009) .
For the purpose of this study, participants scoring 0-4 on the SPQB were placed in the low group, scores of 9-11 were considered the middle group, and participants with 14 or more were labeled the high group. The middle group was created following pilot data which suggested there may be a greater difference among middle and high, or middle and low scoring groups as compared to the difference between high and low scoring groups.
Emotion Recognition Task (ERT). The ERT (Cambridge Cognition, 2019) is intended to measure an individual's ability to identify human emotions by utilizing computer generated faces, each depicting different human emotions (sad ness, happiness, fear, anger, disgust, or surprise). Participants must identify a total of 180 faces, split into two 90face sessions with a short break in between. The ERT has been utilized to measure cognitive function in relation to schizophrenia, depression, and other affective disorders. The task is administered on a tablet with Cambridge Cogni tion's CANTAB Cognitive Research Software. This test was chosen based on the ease of administration as well as its adequate psychometric properties (Strauss, Shermann & Spreen, 2006) .
University of Pennsylvania Smell Identification Test (UPSIT). Olfactory identification was assessed with the UPSIT (Doty et al., 1983) . The UPSIT is a widely used "scratch and sniff test" that contains 40items presented as a fouralternative forced choice olfactory identification test. Each odorant is contained in a microencapsulated pocket and is released by scratching the pocket with a pencil. The UPSIT is comprised of four packets, each with 10 odorants presented on an individual page, along with four choices for smell identification. Partici pants were scored based on their accuracy (yielding a score out of 40 for the number of correctly identified odorants). Additionally, participants rated (on a 9point Likerttype scale) each odorant's perceived pleasantness, intensity, and irritation. Doty et al. (1983) found the UPSIT to accurately differentiate between participants with known olfactory disorders (e.g., Kallmann's syndrome; Korsakoff's syndrome) and normal controls. The authors found the test retest reliability to be adequate (6month interval; r = .918, p < .001). This test was also found to cor relate with thresholds of odor detection (r = .794, p < .001; Doty et al., 1983) .
Procedure
All experimental procedures were approved by the Human Subjects Committee. Participants signed up for the first part of the study through an online recruitment portal. The experimenter reviewed informed consent with each volunteer. Participants then completed a packet of questionnaires contain ing a demographics survey, the SPQB, the SIAS, and the BIS/BAS. After completing the questionnaire, participants were told to wait while a random number generator determined participation in part two (participants were not told that their scores determined qualification at this stage). Participants who fell into one of three groups (low, medium, or high) based on their SPQB score scheduled a sec ond session to complete the UPSIT. Those that were not placed in one of the four groups were given a debriefing form for the first part of the study. During the second visit, while completing the UPSIT, par ticipants were asked to identify scents and rate their pleasantness, intensity, and irritation. When finished with the UPSIT, participants then completed an ERT. After completing the ERT, participants were given debriefing forms for each part of the study.
Results
Pearsonproduct moment correlations indicated a significant relationship between scores on the SPQB and scores on the SIAS (r = .63, p < .01; see Figure 1 ) and the BIS Drive subscale (r = .31, p < .01; see Figure  2 ). No significant relationship between SPQB scores and BAS subscales was observed (BAS Drive: r = .05, p = .47; BAS Fun Seeking: r .09, p = .24; BAS Reward: r = .13, p = .07). A total of 59 participants qualified for the second part of the study based on the cutoff scores for the SPQB established for this study (low SPQB group: N = 22; middle SPQB group: N = 15, high SPQB group: N = 22) . To include odor hedonics as part of the analyses, a total of three odorants were selected based on pilot data that identified natural gas, grass, and watermelon as the items that were rated the most negative, neutral, and positive, respectively. A oneway ANOVA showed no significant difference in UPSIT accuracy, pleasantness, or intensity ratings of odorants across groups (see Table 1 ). Subjective ratings of irritation, however, for the natural gas odorant (considered negative), significantly differed across groups, F(3, 63) = 3.05, p = .04, with a small effect size (d = .13; see Figure 3 ). Although this difference is small, it may be attributed to our small sample size or lack of a clinical sample.
Figure 1
Posthoc comparisons conducted using Tukey's HSD revealed that the middle SPQB group had significantly different ratings compared to the low SPQB group on the SIAS (M = 15.27, SD = 2.92, p = .00). The middle SPQB group had significantly different ratings compared to the high SPQB group (M = 10.10, SD = 2.62, p = .00). The high SPQB group had significantly different ratings compared to the low SPQB group on the SIAS (M = 25.37, SD = 3.04, p = .00).
In addition, the low SPQB group did not have significantly different ratings compared to the middle SPQB group on the BIS Drive (M = 2.09, SD = 1.02, p = .175). The middle SPQB group did not have significantly different ratings compared to the high SPQB group on the BIS Drive (M = .910, SD = .92, p = .754), while the high SPQB had significantly different ratings compared to the low SPQB group on the BIS Drive (M = 3.00, SD = 1.06, p = .027).
Posthoc comparisons conducted using Tukey's HSD also revealed that the middle SPQB group had significantly lower irritation ratings on the natural gas odorant (5.6 out of 9) compared to the high SPQB group (7.9 out of 9; M = 2.31, SD = 0.79, p = .025). Irritation ratings for the low SPQB group (7.09 out of 9) did not significantly differ from the high SPQB group (M = 0.82, SD = .72, p = .66), and the 1.49point difference between low and middle SPQB group did not reach statistical significance (M = 1.49, SD = 0.79, p = .25).
Using Bonferroni adjusted alpha levels of .0125 per test (.05/4), results indicated that the low SPQB group had significantly different ratings on the SIAS compared to the middle SPQB group (M = 15.27, SD = 2.92, p = .00). The middle SPQB group had significantly different ratings on the SIAS compared to the high SPQB (M = 10.10, SD = 2.62, p = .00). The low SPQB group had significantly different ratings on the SIAS compared to the high SPQB group (M = 15.27, SD = 2.92, p = .00).
Results indicated that the low SPQB group did not have significantly different ratings on the BIS Drive compared to the middle SPQB group (M = Doty et al., 1983) . Odor hedonics include irritation, pleasantness, and intensity ratings on a 9-point Likert-type scale for natural gas (negative odorant), grass (neutral odorant), and watermelon (positive odorant). * Total UPSIT score out of 40 questions.
FIGURE 3
Subjective perception rating of irritation of negative odorant (natural gas) by SPQ-B group (SPQ-B; Fonseca-Pedrero et al., 2009) . Standard deviations are represented in the figure by the error bars.
2.09, SD = 1.02, p = 2.53). The middle SPQB group did not have significantly different ratings on the BIS Drive compared to the high SPQB group (M = .91, SD = .92, p = 1.00). The low SPQB group had significantly different ratings on the BIS Drive compared to the high SPQB group (M = 3.00, SD = 1.06, p = .03). The middle SPQB group had lower irritation ratings on the natural gas odorant compared to the high SPQB group, but did not reach statistical significance (M = 2.31, SD = 0.79, p = .03). Irritation ratings for the low SPQB group did not significantly differ from the high SPQB group (M = 0.82, SD = .72, p = 1.00). In addition, the 1.49point difference between low and middle SPQB group did not reach statistical significance (M = 1.49, SD = 0.79, p = .39). All data were analyzed with SPSS.
Discussion
Olfactory identification ability and subjective ratings of odorants were expected to differ across groups of individuals that score either relatively high or low on the SPQB compared to middlerange scores. This project represents a first step toward reconciling inconsistencies in the literature, and could be a foundation for future research aimed at refining behavioral assessments for early symptom detection and monitoring.
Part 1 analyses revealed a significant relation ship between scores on the SPQB and scores on the SIAS, as well as the BIS Drive subscale. These were anticipated as previous literature has established the relationship between behavior inhibition and social anxiety in relation to schizophrenia symptom behaviors (Cieslak et al., 2015) . Further, it is well established that individuals with schizophrenia also experience social anxiety and social dysfunction (Cieslak et al., 2015; FonsecaPedrero et al., 2009) .
Part 2 results were not significant when analyz ing group differences in UPSIT accuracy, pleas antness, or intensity ratings. However, subjective ratings of irritation for the aversive odorant (natural gas) did vary among groups. Our findings are of particular interest, as our population was entirely subclinical. Results indicated that participants in the midscoring group had significantly lower irritation ratings when compared to those of the highscoring group. Individuals in the midscoring group endorsed less atypical behaviors than the highscoring group. This suggests that individuals that endorsed more atypical behaviors also have a heightened irritation reaction to the aversive odorant, when compared to those with a moderate amount of atypical behaviors.
Although the difference in irritation ratings between the lowscoring and midscoring group did not reach statistical significance, the difference is trending in a way to possibly suggest a curvilinear relationship, such that those scoring high or low on the SPQB may be more reactive to the aversive odorant. This relationship suggests that individu als who scored in both extremes, high in atypical behavior endorsement and low in atypical behavior endorsement, may have more irritation to the aversive odorant than those with a moderate, or average, amount of atypical behaviors. It is possible that a larger sample size may help elucidate this relationship.
In addition, our findings may suggest that odorants perceived as irritating may be the most aversive and/or reactive to humans when com pared to positive or neutral odorants (even if positive odorants may also be considered equally intense). This conclusion would support findings from Albrecht et al. (2010) which found negative odorants to produce anxiety reactions in a group of participants. The negative odorant we chose (natural gas) might have evoked a strong, irritating reaction in participants based on their past experi ences with the odorant. For example, natural gas can be involved in fires or explosions and is usually associated with toxicity. Thus, the perception of this specific negative odorant might have elicited a fear response in participants (Smeets & Dalton, 2005) . Because the effect size of the negative odor ant irritation across SPQB group was small, results should be interpreted with caution. A larger sample size or the inclusion of a clinical group may clarify our findings and allow for a larger effect size. One major limitation of our design was that we did not conduct a power analysis prior to starting the study. Our sample size was constrained by the number of available UPSITs.
The lack of significant relationship between olfactory accuracy and atypical behaviors could be due to the method chosen to characterize olfactory ability, specifically the UPSIT. Although wellvali dated, this measure may not be sensitive enough to detect individual differences in olfactory identifica tion, particularly in a subclinical population. This may explain the lack of difference in scores among the highscoring and lowscoring SPQB groups. Similarly, identification performance could have been affected by participants' past experiences with the items on the UPSIT. For example, a few of the items on the UPSIT are relatively uncommon FALL 2019
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scents, such as clove, turpentine, and musk. During data collection, several participants voiced concerns of being unfamiliar with these specific items. Thus, participants could have chosen the wrong answer because of unfamiliarity and not an actual identifica tion impairment on these specific items.
Although we did ask participants to report any known conditions related to gustation and olfaction functioning, participants could have unidentified gustation or olfactory impairments that might have affected their performance on the UPSIT. Similarly, seasonal allergies and illness might have affected performance. A total of 58 participants reported suffering from seasonal allergies. Doty (1997) found that the most common factors affecting olfactory dysfunction were head trauma, upperrespiratory infections and nasalsinus disease. Due to the frequency of seasonal allergies occurring in the general population, and in our sample, we did not exclude participants from participating in Part 2 of the study based on reported seasonal allergies, which is a clear limitation of our design. However, we did exclude one participant with reported traumatic brain injury from participating in Part 2 of this study. It has also been reported that smoking cigarettes is often detrimental to olfactory identification ability, specifically in relation to dosage (i.e., lower doses resulted in less impairment; Doty, 1997) . Because of this known confound, we excluded one participant, who was originally placed in our highscoring SPBQ quartile and had a chronic history of smoking, from participating in Part 2 of this study. Although we tried to control for smoking history in the Part 1 demographics questionnaire, some participants might not have reported accurate usage. This might have resulted in impaired accuracy performance on the UPSIT.
Other forms of olfactory processing (i.e., detec tion, discrimination) could also be tested in future research to determine their relationship with atypi cal behavior, such as use of an olfactory threshold measure. Doty (1997) found detection thresholds to be more reliable than recognition thresholds, with a staircase procedure being the most success ful. Olfactory threshold measures could be useful to determine a fault in an individual's detection ability, which may be predictive of mental illness and degenerative disease. Other forms of olfactory processing, other than smell identification, may be significantly related to atypical behaviors, and therefore may be more informative sensory markers.
Finally, the differences in atypical behav iors between our highscoring SPQB group and lowscoring SPQB group may not be significant enough in themselves. Future directions could include a clinical group, likely yielding more significant results, due to the greater difference in behavior between a healthy group and a clinical group. Characterizing this relationship in the gen eral population would lend support for designing and implementing a study with a clinical population at local mental health facilities.
Due to the established relationship between psychiatric disorders and olfactory deficits, it is clear that olfactory measures may be a useful tool to implement in diagnosis, prevention, or treatment of disorders. Specifically, when an olfactory deficit is discovered, preventative measures or early interven tion may be warranted to help delay the progression of the illness. Olfactory tests could be added to a battery of assessments to aid in the diagnosis of an individual, along with other screening procedures such as psychiatric evaluations and interviews. Through further research, a defect in the olfactory system could even become a new symptom domain in schizophrenia spectrum, neurodegenerative, or anxiety disorders. 
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